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(57) ABSTRACT

A vehicle control device (100) includes: a housing (200)
made of metal; a substrate (400) housed 1n the housing (200)
and having a mounting surface (401) that faces an 1nner
surface (201) of the housing (200); and an electronic com-
ponent (501) mounted on the mounting surface (401). An
adhesive (601) 1s disposed between the electronic compo-
nent (501) and the mnner surface (201) of the housing (200).
The electronic component (501) has a contact portion (532)
that contacts the heat radiation material (601) and a non-

contact portion (531) that does not contact the heat radiation
material (601). The contact portion (532) and the non-
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contact portion (531) are portions of the electronic compo-
nent (501) on the side facing the inner surface (201) of the
housing (200).
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VEHICLE CONTROL DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International

Application No. PCT/IP2016/078260 filed Sep. 26, 2016,
claiming priority based on Japanese Patent Application No.
2015-186640 filed Sep. 24, 2015, the contents of all of

which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

This technique relates to a vehicle control device mounted
on a vehicle.

BACKGROUND ART

Measures against heat are required for electronic compo-
nents that control an in-vehicle apparatus mounted on a
vehicle, a different electronic component disposed in the
same housing, and so forth 1n order to avoid a reduction 1n
performance due to a temperature rise. A method of radiating
heat generated by an electronic component via a substrate on
which the electronic component 1s mounted i1s generally
known as the measures against heat for the electronic
components. In the case where the amount of heat radiated
from the electronic component is large, however, the size of
the substrate must be increased 1n order to improve the heat
radiation performance.

Thus, Patent Document 1 proposes a technique of radi-
ating heat generated by an electronic component to a hous-
ing made of metal by bringing the electronic component into
contact with the housing via an adhesive 1n order to reduce
the size of the substrate while enhancing the heat radiation
performance for the electronic component.

RELATED-ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Patent Application Publi-
cation No. 2004-228162 (JP 2004-228162 A)

SUMMARY

Problem to be Solved by the Invention

However, electromagnetic noise 1s radiated from an elec-
tronic component during operation of the electronic com-
ponent. Therefore, 11 an electronic component 1s bonded to
a housing made of metal using an adhesive as 1n the related
art, electromagnetic noise radiated from the electronic com-
ponent 1s propagated to the housing via the adhesive, and the
noise 1s easily propagated to an in-vehicle device mounted
on a vehicle via the housing. In particular, the adhesive has
a higher dielectric constant (relative dielectric constant) than
that of air, and the electromagnetic noise which 1s radiated
from the electronic component 1s easily propagated to the
housing via the adhesive. If the adhesive 1s not used, on the
other hand, propagation of the electromagnetic noise to the
housing 1s reduced, but the heat radiation performance for

the electronic component 1s impaired. Such a problem may
be caused also in the case where a heat radiation material

(such as grease, for example) other than the adhesive 1s used.
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It 1s therefore an object to reduce propagation of electro-
magnetic noise radiated from an electronic component to a
housing while securing the heat radiation performance for
the electronic component.

Means for Solving the Problem

An aspect provides a vehicle control device including;

a housing mounted on a vehicle and made of metal;

a substrate housed in the housing and having a mounting,
surface that faces an mner surface of the housing;

an electronic component mounted on the mounting sur-
face; and

a heat radiation material disposed between the electronic
component and the inner surface of the housing, 1n which:

the electronic component has a contact portion that con-
tacts the heat radiation material and a non-contact portion
that does not contact the heat radiation material, the contact
portion and the non-contact portion being portions of the
clectronic component on a side facing the inner surface of
the housing.

Another aspect provides a vehicle control device includ-
ng:

a housing mounted on a vehicle and made of metal;

a substrate housed in the housing and having a mounting,
surface that faces an mner surface of the housing;

an electronic component mounted on the mounting sur-
face; and

a heat radiation material disposed 1n a second region, of
a first region and the second region between the electronic

component and the mnner surface of the housing as seen 1n a
direction that i1s perpendicular to the mounting surface, 1n
which

a dielectric constant of a substance that 1s present 1n the
first region 1s lower than a dielectric constant of the heat
radiation material.

Still another aspect provides a vehicle control device
including;

a housing mounted on a vehicle and made of metal;

a substrate housed in the housing and having a mounting
surface that faces an mner surface of the housing;

an electronic component mounted on the mounting sur-
face; and

a heat radiation material disposed between the electronic
component and the 1mner surface of the housing, 1n which:

the electronic component has a first portion and a second
portion on a side facing the inner surface of the housing; and

a distance between the first portion and the iner surface
of the housing 1n a direction that 1s perpendicular to the
mounting surface 1s longer than a distance between the
second portion and the inner surface of the housing 1n the
direction which 1s perpendicular to the mounting surface.

.

‘ects of the Invention

[T

With the present vehicle control device, 1t 1s possible to
reduce propagation of electromagnetic noise radiated from
an electronic component to a housing while securing the
heat radiation performance for the electronic component.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a plan view of a vehicle control device
according to a first embodiment.
FIG. 1B 1s a sectional view of the vehicle control device

taken along the line IB-IB of FIG. 1A.
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FIG. 2 1s an enlarged sectional view of a part of the
vehicle control device according to the first embodiment.

FIG. 3A 1s a plan view of a printed circuit board of the
vehicle control device according to the first embodiment.

FI1G. 3B 1s a plan view of a housing of the vehicle control
device according to the first embodiment.

FIG. 4 1s an enlarged sectional view of a part of a vehicle
control device according to a second embodiment.

FIG. 5 1s an enlarged sectional view of a part of a vehicle
control device according to a third embodiment.

PREFERRED EMBODIMENTS

First Embodiment

A vehicle control device according to a first embodiment
will be described below. FIG. 1A 1s a plan view of the
vehicle control device according to the first embodiment.
FIG. 1B 1s a sectional view of the vehicle control device
taken along the line IB-IB of FIG. 1A. FIG. 2 1s an enlarged
sectional view of a part of the vehicle control device
according to the first embodiment 1illustrated in FIG. 1B.
FIG. 3A 1s a plan view of a printed circuit board of the
vehicle control device according to the first embodiment.
FIG. 3B 1s a plan view of a housing of the vehicle control
device according to the first embodiment.

A vehicle control device 100 1llustrated 1n FIGS. 1A and
1B 1s mounted on a vehicle. The vehicle control device 100
1s an ECU (Electromic Control Unit), for example. The
vehicle control device 100 includes a housing 200 mounted
on the vehicle and made of metal, e.g. aluminum, and a
printed circuit board 300 housed 1n the housing 200.

The printed circuit board 300 has a substrate 400 which 1s
a printed wiring board, and electronic components 501 and
502 mounted on the substrate 400. The electronic compo-
nents 501 and 502 generate heat during operation.

The substrate 400 has a pair of mounting surfaces 401 and
402. The substrate 400 1s a two-layer printed wiring board.
The mounting surfaces 401 and 402 each serve as a con-
ductor layer on which a conductor pattern 1s mainly dis-
posed. As illustrated 1n FIG. 2, an 1nsulator layer (dielectric
layer) 403 1s disposed between the mounting surfaces 401
and 402. The insulator layer 403 1s a layer on which an
insulator 1s mainly disposed. The mounting surfaces 401 and
402 are provided with a solder resist (not 1llustrated) that
covers the conductor.

Here, a direction that is parallel to the mounting surface
401 of the substrate 400 1s defined as the X direction, a
direction that 1s orthogonal to the X direction and that is
parallel to the mounting surface 401 of the substrate 400 1s
defined as the Y direction, and a direction that 1s perpen-
dicular to the mounting surface 401 of the substrate 400 1s
defined as the Z direction.

The electronic components 501 and 502 are mounted on
one of the mounting surfaces 401 and 402, namely the
mounting surface 401.

An opening portion 1s formed in the housing 200 1s
formed with a, and the opening portion 1s blocked by a lid
body (not illustrated), so that a housing space 1s formed. The
printed circuit board 300 1s disposed 1n the housing space of
the housing 200. The substrate 400 1s housed 1n the housing
200 such that the mounting surface 401 faces an 1nner
surface 201 of the housing 200. In the first embodiment, the
inner surface 201 of the housing 200 corresponds to the
bottom surface of the housing 200.

As 1llustrated 1n FIG. 1B, an adhesive 601, which 1s a heat

radiation material that conducts heat generated by the elec-
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tronic component 501 to the housing 200, 1s disposed
between the electronic component 501 and the 1inner surface
201 of the housing 200. An adhesive 602, which 1s a heat
radiation material that conducts heat generated by the elec-
tronic component 3502 to the housing 200, 1s disposed
between the electronic component 502 and the mounting
surface 401 of the substrate 400. That 1s, the electronic
component 501 1s bonded and fixed to the housing 200 by
the adhesive 601, and the electronic component 502 1s
bonded and fixed to the housing 200 by the adhesive 602. In
this way, the adhesives 601 and 602 also fix the electronic
components 501 and 502 (that is, the printed circuit board
300) to the housing 200, in addition to radiating heat from
the electronic components 501 and 502 to the housing 200.

The adhesives 601 and 602 contain a resin material as a
base material and filler metal to enhance the thermal con-
ductivity of the adhesives 601 and 602. This enhances the
performance of heat radiation of the electronic components
501 and 502 to the housing 200. The housing 200 may be
cooled through natural convection, or may be cooled by a
cooling fan or the like.

The electronic component 501 1s a semiconductor inte-
grated circuit constituted of a semiconductor package, and 1s
a microcomputer, for example. In the first embodiment, the
clectronic component 501 1s a semiconductor package of a
QFP (Quad Flat Package) type with a heat radiation plate.

As 1llustrated 1n FIG. 2, the electronic component 501 has
a semiconductor chip 311, a die pad 512 that supports the
semiconductor chip 511, a plurality of lead frames 513 that
serve as terminals to be joined to the substrate 400 by a joint
member 701 such as solder, a plurality of bonding wires 514
that connect the semiconductor chip 511 and the plurality of
lead frames 513 to each other, and a sealing resin 5135 that

seals such components.
In the first embodiment, a surtace 512B of the die pad 512

that 1s remote from a support surface 512 A and supports the
semiconductor chip 511 i1s exposed from the sealing resin
515. That 1s, the die pad 512 functions also as a heat
radiation plate that radiates heat generated by the semicon-
ductor chip 511. The surface 512B of the die pad 512 1is
jomed to a land for heat radiation, that 1s, a conductor
pattern, formed on the mounting surface 401 of the substrate
400 by a joint member 711 such as solder. Consequently, a
part of heat generated by the electronic component 501 1s
radiated to the substrate 400.

The type of the semiconductor package which constitutes
the electronic component 501 1s not limited to the QFP, and
may be any other type of semiconductor packages such as
QFN, for example. The electronic component 301 has been
described as having a heat radiation plate. However, the
clectronic component 501 may not have a heat radiation
plate.

As 1llustrated 1n FIGS. 1A and 3A, the semiconductor
chip 511 has a clock output circuit 521, a power supply
circuit 522, a logic circuit 523, an analog circuit 524, and
another circuit 525. The circuit 525 1ncludes a semiconduc-
tor element that performs on/off operation in accordance
with a switching signal. In FIG. 3A, a part of the sealing
resin 515 of the electronic component 501 1s not 1llustrated.

In the first embodiment, a lead frame 513A, of the
plurality of lead frames 513, and the clock output circuit 521
are connected to each other by a bonding wire 514A. A lead
frame 313B, of the plurality of lead frames 513, and the
power supply circuit 322 are connected to each other by a
bonding wire 514B. A lead frame 3513C, of the plurality of
lead frames 3513, and the logic circuit 523 are connected to
cach other by a bonding wire 514C. A lead frame 513D, of
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the plurality of lead frames 513, and the analog circuit 524
are connected to each other by a bonding wire 514D. A lead
frame 513E, of the plurality of lead frames 513, and the
circuit 525F are connected to each other by a bonding wire
514E.

The lead frame 513 A and the bonding wire 514 A consti-
tute wiring 561 that serves as a transmission path which 1s
connected to the clock output circuit 521 and through which
a clock signal 1s transmitted. The lead frame 513B and the
bonding wire 514B constitute wiring 562 connected to the
power supply circuit 522. The lead frame 513C and the
bonding wire 314C constitute wiring 563 connected to the
logic circuit 523. The lead frame 513D and the bonding wire
514D constitute wiring 564 connected to the analog circuit
524. The lead frame S513E and the bonding wire 514E

constitute wiring 565 connected to the circuit 525.

The clock output circuit 521 outputs a clock signal to
another circuit, e.g. the logic circuit 523, in the electronic
component 301, or outputs a clock signal to another elec-
tronic component, ¢.g. the electronic component 502,
mounted on the substrate 400 through the wiring 561. The
logic circuit 523 1s a circuit that operates 1n accordance with
the clock signal.

Of the circuits 521 to 5235, the clock output circuit 521
operates to generate the most electromagnetic noise 1n a
predetermined frequency band, specifically a frequency
band of 76 to 90 [MHz] which 1s an FM broadcast frequency
band. The clock output circuit 521 generates electromag-
netic noise at a level exceeding a threshold 1n the predeter-
mined frequency band. Electromagnetic noise 1s generated
also from the wiring 561 which 1s connected to the clock
output circuit 521. A circuit portion 551, which serves as the
first circuit portion, 1s constituted to include the clock output
circuit 521 and the wiring 561.

Electromagnetic noise at a level exceeding a threshold in
the predetermined frequency band, e.g. a frequency band of
76 to 90 [MHz] which 1s an FM broadcast frequency band,
1s generated also from the logic circuit 523 and the circuit
525. Electromagnetic noise 1s generated also from the wiring
563 which 1s connected to the logic circuit 523 and the
wiring 565 which 1s connected to the circuit 525. In the first
embodiment, a circuit portion 5353, which serves as the first
circuit portion, 1s constituted to include the logic circuit 523
and the wiring 563. A circuit portion 555, which serves as
the first circuit portion, 1s constituted to include the circuit
525 and the wiring 565.

A circuit portion 5352 which serves as the second circuit
portion 1s constituted from the power supply circuit 522 and
the wiring 562, and a circuit portion 554 which serves as the
second circuit portion 1s constituted from the analog circuit
524 and the wiring 564.

That 1s, the circuit portions 351, 553, and 535 are noise
radiation sources that radiate a larger amount of noise in the
predetermined frequency band than the amount of noise
radiated from the circuit portions 552 and 3554. In particular,
the clock output circuit 521 1s a circuit that cyclically
performs switching operation, that 1s, a circuit that cyclically
repeatedly turns on and off, and cyclic noise 1s radiated as
clectromagnetic noise from the clock output circuit 521 and
the wiring 561. Here, the term “cyclic” may mean either
“regular cycles” or “irregular cycles” In the first embodi-
ment, the term “cyclic” means “regular cycles”. Noise
radiated from the circuit portions 5351, 553, and 554, which
cach serve as the first circuit portion, contains an 1nteger
times (n-th harmonic wave) the frequency at which the
circuit repeatedly turns on and off.
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In the description, electromagnetic noise radiated from
the circuit portions 551, 553, and 5535, which each serve as
the first circuit portion, 1s larger in amount than electromag-
netic noise radiated from the circuit portions 552 and 554,
which each serve as the second circuit portion, in a 1ire-

quency band of 76 to 90 [MHz] which 1s an FM broadcast

frequency band. However, such a frequency band 1s not
limiting. That 1s, the amount of noise radiated from the first
circuit portion may be larger than the amount of noise
radiated from the second circuit portion, that 1s, the amount
of noise radiated from the first circuit portion may exceed a
threshold, 1n a predetermined frequency band other than the
FM broadcast frequency band. Specific examples of the
frequency band include a frequency band of 0.5265 to

1.6065 [MHz], a frequency band of 5.9 to 6.2 [MHz|, a
frequency band 30 of 54 to [MHz], a frequency band of 76
to 90 [MHz], a frequency band of 142 to 170 [MHz], a
frequency band of 335 to 470 [MHz], and a frequency band

of 770 to 960 [MHz]. The predetermined frequency band 1n
which the amount of noise from the first circuit portion 1s
larger may be one or a plurality of such frequency bands.
The frequency bands described above are merely a list of
examples, and the predetermined frequency band in which
the amount of noise radiated from the first circuit portion 1s
larger 1s not limited to one of the listed frequency bands or
a combination of frequency bands from the list. That 1s, the
predetermined frequency band may be a frequency band
with a diflerent range from the frequency bands listed above.
The amount of noise radiated from the first circuit portion
may be larger than the amount of noise radiated from the
second circuit portion over all frequencies, rather than 1n the
specific frequency band.

The adhesive 601 has a higher dielectric constant (relative
dielectric constant) than that of air. In the first embodiment,
in particular, the adhesive 601 contains filler metal, and thus
has a higher dielectric constant than that of an adhesive that
does not contain filler metal.

As 1llustrated i FI1G. 2, the electronic component 301 has
a non-contact portion 331 that does not contact the adhesive
601 and a contact portion 532 that contacts the adhesive 601.
The non-contact portion 531 and the contact portion 532 are
surface portions of the electronic component 501 on the side
facing the mnner surface 201 of the housing 200. When seen
in the Z direction, a region R1 which serves as the first
region 1s present between the non-contact portion 531 and
the inner surface 201, and a region R2 which serves as the
second region 1s present between the contact portion 532 and
the mner surface 201. That 1s, the adhesive 601 1s not present
in the region R1, and the adhesive 601 1s disposed 1n the
region R2.

When the vehicle control device 100 1s seen 1n the Z
direction, the circuit portions 551, 553, and 5355, which are
cach a noise radiation source, are superposed on the non-
contact portion 531, that 1s, the region R1. Specifically, the
circuit portions 551, 5353, and 5355 are partially or wholly
superposed on the non-contact portion 531 (region R1). In
the first embodiment, as seen 1n the Z direction, the circuit
portion 551 1s wholly, and the circuit portions 553 and 5355
are partially, superposed on the non-contact portion 531
(region R1) (FIG. 1A). In other words, a projection region
obtained by projecting the circuit portions 551, 353, and 555
in the 7 direction onto the XY plane which is parallel to the
mounting surtace 401 of the substrate 400 and a projection
region obtained by projecting the non-contact portion 331 in
the Z direction onto the XY plane are superposed on each
other.
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When the vehicle control device 100 1s seen in the Z
direction, the circuit portion 552 which has the power supply
circuit 522 and the circuit portion 554 which has the analog
circuit 524 are wholly superposed on the contact portion
532, that 1s, the region R2. In other words, a projection
region obtained by projecting the circuit portions 352 and
554 in the Z direction onto the XY plane which 1s parallel
to the mounting surface 401 of the substrate 400 and a
projection region obtained by projecting the contact portion
532 1n the Z direction onto the XY plane are superposed on
cach other. When the vehicle control device 100 1s seen 1n
the 7 direction, the circuit portion 553 which has the logic
circuit 523 and the circuit portion 555 which has the circuit
525 are partially superposed on the contact portion 532.

As 1llustrated i FIGS. 1B and 2, the region R1 between
the non-contact portion 531 and the inner surtace 201 of the
housing 200 does not have the adhesive 601, and 1s a void.
That 1s, a substance that 1s present 1n the region R1 1s air. The
dielectric constant (relative dielectric constant) of air is
lower than the dielectric constant (relative dielectric con-
stant) of the adhesive 601, and therefore the parasitic capaci-
tance between the circuit portions 351, 533, and 5535 and the
housing 200 1s reduced, which reduces propagation of
clectromagnetic noise radiated from the circuit portions 551,
5353, and 3355 to the housing 200. In particular, the circuit
portion 551, which generates the most electromagnetic
noise, 1s wholly superposed on the region R1, and therefore
propagation of electromagnetic noise generated by the cir-
cuit portion 351 to the housing 200 can be reduced eflec-
tively. Consequently, propagation of noise from the housing
200 to electronic apparatuses etc. mounted on the vehicle
can be reduced. Hence, the vehicle control device 100 can
meet the international standard CISPR 235, for example.

The adhesive 601 has a higher thermal conductivity than
that of air. Heat generated by the electronic component 501
1s conducted to the housing 200 via the adhesive 601 which
1s provided between the contact portion 532 of the electronic
component 501 and the housing 200, and thus the heat
radiation performance for the electronic component 501 can
be secured.

In the first embodiment, as 1llustrated 1n FIGS. 1B and 3B,
projecting portions 211 and 212 that project in the +Z
direction toward the electronic components 501 and 502 are
formed on the inner surface 201 of the housing 200 at
positions facing the electronic components 501 and 502,
respectively.

The projecting portion 211 serves as a pedestal for the
clectronic component 501, and the projecting portion 212
serves as a pedestal for the electronic component 502. A
recessed portion 211B recessed 1n the —7 direction away
from the electronic component 501 1s formed in a facing
surface (distal end surface) 211A of the projecting portion
211, which faces the electronic component 501, at a position
facing the non-contact portion 331. The electronic compo-
nent 501 i1s bonded to the facing surface 211A of the
projecting portion 211 using the adhesive 601. The elec-
tronic component 502 1s bonded to a facing surface 212A of
the projecting portion 212, which faces the electronic com-
ponent 502, using the adhesive 602.

In the first embodiment, when seen 1n the 7 direction, as
illustrated 1n FI1G. 1A, the non-contact portion 531 which 1s
not contacted by the adhesive 601 1s superposed on the
recessed portion 211B. In other words, a projection region
obtained by projecting the non-contact portion 331 1n the Z
direction onto the XY plane 1s superposed on a projection
region obtained by projecting the recessed portion 211B in
the Z direction onto the XY plane. Hence, a distance L1
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(FIG. 2) 1n the Z direction between the non-contact portion
531 and the iner surface 201 of the housing 200 in the

region R1 i1s longer than a distance L2 (FIG. 2) in the Z
direction between the contact portion 532 and the inner
surface 201 of the housing 200 in the region R2.

Consequently, the circuit portions 3351, 553, and 355
which are noise radiation sources of the electronic compo-
nent 501, particularly the circuit portion 351, are located
away from the housing 200. Thus, the parasitic capacitance
between the circuit portions 551, 553, and 335 and the
housing 200 1s reduced, which reduces propagation of
clectromagnetic noise radiated from the circuit portions 551,
5353, and 555 to the housing 200. Hence, propagation of
noise Irom the housing 200 to electronic apparatuses eftc.
mounted on the vehicle can be reduced.

Second Embodiment

A vehicle control device according to a second embodi-
ment will be described. FIG. 4 1s an enlarged sectional view
of a part of the vehicle control device according to the
second embodiment. Components of a vehicle control
device 100A according to the second embodiment that are
similar to those of the vehicle control device 100 according
to the first embodiment are given the same reference numer-
als to omit description. In the vehicle control device 100A
according to the second embodiment, the application
amount of the adhesive 601 1s diflerent from that 1n the first
embodiment. That 1s, 1n the second embodiment, the adhe-
sive 601 protrudes into the recessed portion 211B. That 1s,
the recessed portion 211B acts also as a clearance portion for
the adhesive 601 which has been applied excessively.

The electronic component 501 has a surface portion 341,
which serves as the {irst portion, and a surface portion 542,
which serves as the second portion, other than the surface
portion 541. The surface portions 541 and 542 are surface
portions of the electronic component 501 on the side facing
the mner surface 201 of the housing 200. The electronic
component 301 has the circuit portion 551 which 1s disposed
s0 as to be superposed on the surface portion 541 as seen 1n
the Z direction, and the circuit portion 554 which 1s disposed
so as to be superposed on the surface portion 542. As
described 1n relation to the first embodiment, the circuit
portion 551 radiates a larger amount of noise 1n the prede-
termined frequency band, e.g. a frequency band of 76 to 90
[MHz] which 1s an FM broadcast frequency band, than the
amount ol noise radiated from the circuit portion 554. The
circuit portion 531 1s disposed so as to be partially or wholly,
and wholly in the second embodiment, superposed on the
surface portion 541 as seen 1n the 7 direction. The circuit
portion 354 1s wholly superposed on the surface portion 542
as seen 1n the Z direction.

As 1n the first embodiment, the projecting portion 211
which projects 1n the +Z direction 1s formed on the inner
surface 201. The recessed portion 211B which 1s recessed 1n
the —Z direction away from the electronic component S01 1s
formed 1n the facing surface 211 A of the projecting portion
211 at a position facing the surface portion 541 of the
clectronic component 501. That 1s, the surface portion 541
of the electronic component 501 faces the recessed portion
211B 1n the Z direction, and the surface portion 542 of the
clectronic component 301 faces the facing surface 211A
(excluding the recessed portion 211B) 1 the Z direction.
Thus, a distance LL11 1n the Z direction between the surface
portion 541 of the electronic component 501 and the inner
surface 201 of the housing 200 1s longer than a distance .12
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in the Z direction between the surface portion 542 of the
clectronic component 501 and the inner surface 201 of the

housing 200.

With the second embodiment, the circuit portion 351 of
the electronic component 301 1s located away from the
housing 200 since the distance 111 1s longer than the
distance .12, even if the adhesive 601 1s provided between
the surface portion 541 of the electronic component 501 and
the 1nner surface 201 of the housing 200, and the parasitic
capacitance between the circuit portion 551 and the housing
200 1s reduced, which reduces propagation of electromag-
netic noise radiated from the circuit portion 351 to the
housing 200. Consequently, propagation of noise from the
housing 200 to electronic apparatuses etc. mounted on the
vehicle can be reduced. Hence, the vehicle control device
100A can meet the international standard CISPR 25, for
example.

Heat generated by the electronic component 301 1s con-
ducted to the housing 200 via the adhesive 601 which 1is
provided between the electronic component 501 and the
housing 200, and thus the heat radiation performance for the
clectronic component 501 can be secured.

An extra amount of the adhesive 601 applied tlows to the
recessed portion 211B, and therefore the amount of the
adhesive 601 which contacts the surface portion 541 1is
reduced, which reduces the parasitic capacitance between
the circuit portion 551 and the housing 200.

Third Embodiment

A vehicle control device according to a third embodiment
will be described. FIG. 5 1s an enlarged sectional view of a
part of the vehicle control device according to the third
embodiment. Components of a vehicle control device 1008
according to the third embodiment that are similar to those
of the vehicle control device 100 according to the first
embodiment and the vehicle control device 100A according
to the second embodiment are given the same reference
numerals to omit description. In the first embodiment, the
recessed portion 211B 1s formed 1n the facing surface 211A
of the projecting portion 211 at a position facing the non-
contact portion 531. In the third embodiment, the recessed
portion 211B 1s not formed 1n the facing surface 211A, and
the distance L1 between the non-contact portion 331 and the
inner surface 201 (facing surface 211A) of the housing 200
in the region R1 1s equal to the distance L2 between the
contact portion 332 and the imner surface 201 (facing surface
211A) of the housing 200 in the region R2. While the
clectronic component 301 1s bonded to the projecting por-
tion 211, the electronic component 301 may be bonded to a
location other than the projecting portion 211.

In FIG. 5, when the vehicle control device 100B 1s seen
in the Z direction, the circuit portion 5351, which 1s a noise
radiation source, 1s superposed on the non-contact portion
531. Specifically, the circuit portion 351 i1s partially or
wholly, and wholly 1n the third embodiment, superposed on
the non-contact portion 531 as seen 1n the Z direction. In
other words, a projection region obtained by projecting the
circuit portion 551 1n the Z direction onto the XY plane
which 1s parallel to the mounting surface 401 of the substrate
400 and a projection region obtained by projecting the
non-contact portion 531 in the Z direction onto the XY plane
are superposed on each other. The circuit portion 554 1is
wholly superposed on the contact portion 332 as seen 1n the
7. direction.

The region R1 between the non-contact portion 531 and
the housing 200 does not have the adhesive 601, and 15 a
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vold. Air has a lower dielectric constant (relative dielectric
constant) than the dielectric constant (relative dielectric
constant) of the adhesive 601. Therefore, the parasitic
capacitance between the circuit portion 551 and the housing
200 1s reduced. Thus, propagation of electromagnetic noise
radiated from the circuit portion 351 to the housing 200 can
be reduced even 1t the distance L1 1s equal to the distance
[.2. Consequently, propagation of noise from the housing
200 to electronic apparatuses etc. mounted on the vehicle
can be reduced. Hence, the vehicle control device 100B can
meet the international standard CISPR 23, for example.

Heat generated by the electronic component 501 1s con-
ducted to the housing 200 via the adhesive 601 which 1is
provided between the contact portion 532 of the electronic
component 501 and the housing 200, and thus the heat
radiation performance for the electronic component 501 can
be secured.

SUMMARY OF EMBODIMENTS

An embodiment provides a vehicle control device (100,
100B) including;

a housing (200) mounted on a vehicle and made of metal;

a substrate (400) housed 1n the housing (200) and having
a mounting surface (401) that faces an mner surface (201) of
the housing (200);

an electronic component (501) mounted on the mounting,
surface (401); and

a heat radiation maternial (601) disposed between the
clectronic component (501) and the inner surface (201) of
the housing (200), 1n which:

the electronic component (501) has a contact portion
(532) that contacts the heat radiation material (601) and a
non-contact portion (331) that does not contact the heat
radiation material (601), the contact portion (332) and the
non-contact portion (531) being portions of the electronic
component (501) on a side facing the mner surface (201) of
the housing (200).

Consequently, 1t 1s possible to reduce propagation of
clectromagnetic noise radiated from the electronic compo-
nent (501) to the housing (200) while securing the heat
radiation performance for the electronic component (501).

In the vehicle control device (100, 100B) according to the
embodiment,

the electronic component (501) has a first circuit portion
(551, 553, 555) and a second circuit portion (352, 554); and

the first circuit portion (351, 553, 555) radiates a larger
amount of noise than an amount of noise radiated from the
second circuit portion (552, 554), and 1s superposed on the
non-contact portion (531) as seen 1n a direction (Z direction)
that 1s perpendicular to the mounting surface (401).

Consequently, 1t 1s possible to effectively reduce conduc-
tion of electromagnetic noise radiated from the first circuit
portion (551, 553, 555) to the housing (200).

In the vehicle control device (100) according to the
embodiment, a distance (L1) between the non-contact por-
tion (531) and the inner surface (201) of the housing (200)
in the perpendicular direction (7 direction) 1s longer than a
distance (LL2) between the contact portion (332) and the
iner surface (201) of the housing (200) in the direction (Z
direction) which 1s perpendicular to the mounting surface
(401).

Consequently, 1t 1s possible to reduce propagation of
clectromagnetic noise radiated from the electronic compo-
nent (501) to the housing (200) while securing the heat
radiation performance for the electronic component (501).
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In the vehicle control device (100) according to the
embodiment, the mner surface (201) of the housing (200)
has a recessed portion (211B) disposed at a position facing
the non-contact portion (531) and recessed 1n a direction
away Ifrom the electronic component (50).

Consequently, heat generated by the electronic compo-
nent (501) 1s conducted to the inner surface (211) of the
housing (200), which secures the heat radiation performance
for the electronic component (501), and conduction of
clectromagnetic noise radiated from the electronic compo-
nent (501) to the housing (200) can be effectively reduced by
the recessed portion (211B).

An embodiment provides a vehicle control device (100,
100B) including;

a housing (200) mounted on a vehicle and made of metal;

a substrate (400) housed 1n the housing (200) and having,
a mounting surface (401) that faces an mner surface (201) of
the housing (200);

an electronic component (501) mounted on the mounting,
surface (401); and

a heat radiation material (601) disposed 1n a second region
(R2), of a first region (R1) and the second region (R2)
between the electronic component (501) and the inner
surtace (201) of the housing (200) as seen 1n a direction (7.
direction) that 1s perpendicular to the mounting surface
(401), 1n which

a dielectric constant of a substance that 1s present in the
first region (R1) 1s lower than a dielectric constant of the
heat radiation material (601).

Consequently, 1t 1s possible to reduce propagation of
clectromagnetic noise radiated from the electronic compo-
nent (501) to the housing (200) while securing the heat
radiation performance for the electronic component (501).

In the vehicle control device (100) according to the
embodiment, a distance (1) between the electronic com-
ponent (501) and the inner surface (201) of the housing
(200) 1n the direction (Z direction) that 1s perpendicular to
the mounting surface (401) in the first region (R1) 1s longer
than a distance (L.2) between the electronic component (501)
and the mnner surface (201) of the housing (200) in the
direction (Z direction) which 1s perpendicular to the mount-
ing surface (401) in the second region (R2).

Consequently, 1t 1s possible to further eflectively reduce
propagation of electromagnetic noise radiated from the
clectronic component (501) to the housing (200).

In the vehicle control device (100) according to the
embodiment, the mner surface (201) of the housing (200)
has a recessed portion (211B) disposed 1n a portion facing
the first region (R1) and recessed 1n a direction (-7 direc-
tion) away Ifrom the electronic component (501).

Consequently, heat generated by the electronic compo-
nent (501) 1s conducted to the mner surface (211), which
secures the heat radiation performance for the electronic
component (501), and conduction of electromagnetic noise
radiated from the electronic component (501) to the housing
(200) can be eflectively reduced by the recessed portion
(211B).

In the vehicle control device (100B) according to the
embodiment, a distance (LL1) between the electronic com-
ponent (501) and the inner surface (201) of the housing
(200) 1n the direction (Z direction) which 1s perpendicular to
the mounting surface (401) in the first region (R1) 1s equal
to a distance (LL2) between the electronic component (501)
and the imner surface (201) of the housing (200) 1n the
direction (7 direction) which 1s perpendicular to the mount-
ing surface (401) in the second region (R2).
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Consequently, it 1s possible to effectively reduce propa-
gation of electromagnetic noise radiated from the electronic
component (501) to the housing (200).

In the vehicle control device (100, 100B) according to the
embodiment, the substance which 1s present in the first
region (R1) 1s air.

Consequently, 1t 1s possible to eflectively reduce propa-
gation of electromagnetic noise radiated from the electronic
component (501) to the housing (200).

In the vehicle control device (100, 100B) according to the
embodiment, the substance which 1s present in the first
region (R1) 1s a heat radiation material that 1s different from
the heat radiation material (601) and that has a dielectric
constant that 1s lower than that of the heat radiation material
(601) and a thermal conductivity that 1s lower than that of
the heat radiation material (601).

Consequently, 1t 1s possible to eflectively reduce propa-
gation ol electromagnetic noise radiated from the electronic
component (501) to the housing (200).

An embodiment provides a vehicle control device (100A)
including:

a housing (200) mounted on a vehicle and made of metal;

a substrate (400) housed 1n the housing (200) and having
a mounting surtface (401) that faces an mner surface (201) of
the housing (200);

an electronic component (501) mounted on the mounting,
surface (401); and

a heat radiation material (601) disposed between the
clectronic component (501) and the inner surtace (201) of
the housing (200), 1n which:

the electronic component (501) has a first portion (541)
and a second portion (542) on a side facing the inner surface
(201) of the housing (200); and

a distance (L11) between the first portion (541) and the
inner surface (201) of the housing (200) 1 a direction (Z
direction) that 1s perpendicular to the mounting surface
(401) 1s longer than a distance (LL12) between the second
portion (542) and the mner surface (201) of the housing
(200) 1n the direction (Z direction) which 1s perpendicular to
the mounting surface (401).

Consequently, 1t 1s possible to reduce propagation of
clectromagnetic noise radiated from the electronic compo-
nent (501) to the housing (200) while securing the heat
radiation performance for the electronic component (501).

In the vehicle control device (100A) according to the
embodiment, the mner surface (201) of the housing (200)
has a recessed portion (211B) disposed at a position facing
the first portion (541) and recessed 1n a direction (-Z
direction) away from the electronic component (501).

Consequently, heat generated by the electronic compo-
nent (501) 1s conducted to the inner surface (211) of the
housing (200), which secures the heat radiation performance
for the electronic component (501), and conduction of
clectromagnetic noise radiated from the electronic compo-
nent (501) to the housing (200) can be eflectively reduced by
the recessed portion (211B).

In the vehicle control device (100, 100B) according to the
embodiment, the electronic component (501) has a first
circuit portion (551, 553, 555) disposed so as to be partially
or wholly superposed on the first region (R1) and a second
circuit portion (552, 3554) disposed so as to be wholly
superposed on the second region (R2), as seen 1n the
direction (7 direction) which 1s perpendicular to the mount-
ing surface (401).

Consequently, 1t 1s possible to effectively reduce conduc-
tion of electromagnetic noise radiated from the first circuit

portion (551, 553, 555) to the housing (200).
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In the vehicle control device (100A) according to the
embodiment, the electronic component (501) has a first

circuit portion (551) disposed so as to be partially or wholly
superposed on the first portion (541) and a second circuit
portion (554) disposed so as to be wholly superposed on the 5
second portion (542), as seen 1n the direction (Z direction)
which 1s perpendicular to the mounting surface (401).
Consequently, it 1s possible to effectively reduce conduc-
tion of electromagnetic noise radiated from the first circuit
portion (551) to the housing (200). 10
In the vehicle control device (100, 100A, 100B) according,
to the embodiment, the first circuit portion (551, 553, 555)
radiates a larger amount of noise 1 a predetermined fre-
quency band than an amount of noise radiated from the
second circuit portion (552, 554). 15
Consequently, 1t 1s possible to eflectively reduce conduc-
tion of electromagnetic noise radiated from the first circuit

portion (551, 553, 555), which radiates a large amount noise,
to the housing (200).

In the vehicle control device (100, 100A, 100B) according 20
to the embodiment, the first circuit portion (551, 553, 555)
includes a circuit (521, 523, 525) that cyclically performs
switching operation.

Consequently, 1t 1s possible to effectively reduce conduc-
tion of electromagnetic noise radiated from the circuit (521, 25
523, 525) of the first circuit portion (551, 553, 555), which
radiates noise that peaks at a specific frequency, to the
housing (200).

In the vehicle control device (100, 100A, 100B) according,
to the embodiment, the first circuit portion (551, 553, 555) 30
includes wiring (561, 563, 5635) connected to a circuit that
cyclically performs switching operation.

Consequently, 1t 1s possible to eflectively reduce conduc-
tion of electromagnetic noise radiated from the wiring (561,
563, 565) for the first circuit portion (351, 553, 555), which 35
radiates noise that peaks at a specific frequency, to the
housing (200).

In the vehicle control device (100, 100A, 100B) according,
to the embodiment, the circuit which cyclically performs
switching operation 1s a clock output circuit (521) that 40
outputs a clock signal, a circuit (523) that operates 1n
accordance with a clock signal, or a circuit (5235) that
includes a semiconductor element that performs on/ofif
operation 1n accordance with a switching signal.

Consequently, 1t 1s possible to eflectively reduce conduc- 45
tion of electromagnetic noise due to operation of the clock
output circuit (521), the circuit (323), or the semiconductor
clement (5235) to the housing (200).

In the vehicle control device (100, 100A, 100B) according,
to the embodiment, the heat radiation material 1s an adhesive 50
(601) that bonds the electronic component (501) to the
housing (200).

Consequently, heat generated by the electronic compo-
nent (501) can be conducted to the housing (200) via the
adhesive (601) while fixing the electronic component (501) 55
to the housing 200 using the adhesive (601).

In the vehicle control device (100, 100A, 100B) according,
to the embodiment, the heat radiation material (601) con-
tains filler metal.

Consequently, the thermal conductivity of the heat radia- 60
tion material 1s enhanced, and the heat radiation perfor-
mance for the electronic component (501) 1s improved.

Possibility of Other Embodiments
65
In the first to third embodiments described above, the

clectronic component 501 1s a microcomputer of an ECU.
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However, the present invention 1s not limited thereto. The
clectronic component 501 may be any electronic component
that controls an 1in-vehicle device mounted on a vehicle, that
controls a different electronic component disposed 1n the
housing 200, or the like. For example, the electronic com-
ponent 501 may be a driver IC that has a semiconductor
clement such as a MOS-FET that repeatedly performs on/ofl
operation 1n the cycle of a PWM signal that serves as a
switching signal. In this case, the semiconductor element or
wiring for the semiconductor element serves as the first
circuit portion which 1s a noise radiation source.

Alternatively, the electronic component 501 may be a
switching power supply IC that has a clock output circuit or
a circuit that includes a semiconductor element that per-
forms on/ofl operation in accordance with a switching
signal, for example. In this case, the first circuit portion may
be a circuit portion that has the clock output circuit or wiring
for the clock output circuit, or may be a circuit portion that
has the circuit which includes the semiconductor element or
wiring for the circuit.

In the first to third embodiments, the circuit portions 331,
553, and 355 radiate much electromagnetic noise 1 a
frequency band of 76 to 90 [MHz] which 1s an FM broadcast
frequency band, and therefore the predetermined frequency
band in which noise propagation 1s to be reduced 1s a
frequency band of 76 to 90 [MHz]. However, such a
frequency band 1s not limiting. That 1s, the amount of noise
radiated from the first circuit portion may be larger than the
amount of noise radiated from the second circuit portion,
that 1s, the amount of noise radiated from the first circuit
portion may exceed a threshold, in a predetermined fre-
quency band other than the FM broadcast frequency band.
Specifically, the first to third embodiments are suitable 1n the

case where the predetermined frequency band 1s any one of
a Irequency band of 0.5265 to 1.6065 [MHz], a frequency

band of 5.9 to 6.2 [MHz], a frequency band 30 of 34 to
[MHz], a frequency band of 76 to 90 [MHz], a frequency
band of 142 to 170 [MHz], a frequency band of 335 to 470
[MHz], and a frequency band of 770 to 960 [MHz].

In the first to third embodiments, the heat radiation
material 1s the adhesive 601. However, the present invention
1s not limited thereto. For example, the heat radiation
material may be heat radiation grease, a heat radiation sheet,
etc. In the description, the substance which 1s present 1n the
region R1 1s air which has a lower dielectric constant than
that of the heat radiation material. However, the substance
which 1s present 1n the region R1 1s not limited to air, and

may be a substance other than air that has a lower dielectric
constant than that of the heat radiation material.

In the first to third embodiments, the circuit portion 551
which 1s a noise radiation source 1s the clock output circuit
521 and the wiring 330. However, the present invention 1s
not limited thereto, and the circuit portion 551 may be the
clock output circuit 521 alone or the wiring 561 alone.
Similarly, the circuit portion 553 may be the circuit 523
alone or the wiring 563 alone, and the circuit portion 555
may be the circuit 5235 alone or the wiring 565 alone.

In the first to third embodiments, the substrate 400 1s a
two-layer printed wiring board. However, the substrate 400
1s not limited to having two layers, and the substrate 400
may be a printed wiring board with one layer or three or
more layers.

In the first to third embodiments, the substance which i1s
present in the region R1 1s air. However, the present inven-
tion 1s not limited thereto. The substance which 1s present in
the first region R1 may be a heat radiation material of a
different material that has a lower dielectric constant than
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that of the adhesive 601 which 1s present in the region R2
and a lower thermal conductivity than that of the adhesive
601. For example, the substance which 1s present in the first
region R1 may be an adhesive of a diflerent material from
that of the adhesive 601. That 1s, adhesives may be present
in both the region R1 and the reglon R2. In this case, 1t 1s
only necessary that the adhesive 601 1n the region R2 should
have a higher thermal conductivity (heat radiation perfor-
mance) and a higher dielectric constant than those of the
adhesive 1n the region R1.

INDUSTRIAL APPLICABILITY

The present vehicle control device 1s suitably used when
it 1s requested to reduce propagation of electromagnetic
noise radiated from an electronic component to a housing
while securing the heat radiation performance for the elec-
tronic component.

DESCRIPTION OF THE REFERENCE
NUMERALS
100 VEHICLE CONTROL DEVICE
200 HOUSING
201 INNER SURFACE

2115 RECESSED PORTION

400 SUBSTRATE

401 MOUNTING SURFACE

501 ELECTRONIC COMPONENT

531 NON-CONTACT PORTION

532 CONTACT PORTION

541 SURFACE PORTION (FIRST PORTION)

542 SURFACE PORTION (SECOND PORTION)

551, 553, 555 CIRCUIT PORTION (FIRST CIRCUIT POR-
TION)

552, 554 CIRCUIT PORTION (SECOND CIRCUIT POR-
TION)

601 ADHESIVE (HEAT RADIATION MATERIAL)

R1 REGION (FIRST REGION)

R2 REGION (SECOND REGION)

.L

The 1nvention claimed 1s:

1. A vehicle control device comprising:

a housing mounted on a vehicle and made of metal;

a substrate housed 1n the housing and having a mounting
surface that faces an mner surface of the housing;

an electronic component mounted on the mounting sur-
face; and

a heat radiation material disposed between the electronic
component and the inner surface of the housing,
wherein

the electronic component has a contact portion that con-
tacts the heat radiation material and a non-contact
portion that does not contact the heat radiation material,
the contact portion and the non-contact portion being
portions of the electronic component on a side facing
the inner surface of the housing:

the electronic component has a first circuit portion and a
second circuit portion;

the first circuit portion radiates a larger amount of noise
than an amount of noise radiated from the second
circuit portion, and 1s superposed on the non-contact
portion as seen 1n a direction that 1s perpendicular to the
mounting surface; and

a distance between the non-contact portion and the inner
surface of the housing in a direction that 1s perpendicu-
lar to the mounting surface 1s longer than a distance
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between the contact portion and the inner surface of the
housing in the perpendicular direction.
2. The vehicle control device according to claim 1,
wherein
the mner surface of the housing has a recessed portion
disposed at a position facing the non-contact portion
and recessed 1n a direction away from the electronic
component.
3. The vehicle control device according to claim 1,
wherein
the heat radiation material 1s an adhesive that bonds the
clectronic component to the housing.
4. The vehicle control device according to claim 1,
wherein
the heat radiation material contains filler metal.
5. A vehicle control device comprising:
a housing mounted on a vehicle and made of metal;
a substrate housed in the housing and having a mounting
surface that faces an mner surface of the housing;
an electronic component mounted on the mounting sur-
face; and
a heat radiation material disposed 1n a second region, of
a first region and the second region between the elec-
tronic component and the mner surface of the housing
as seen 1n a direction that i1s perpendicular to the
mounting surface, wherein
a dielectric constant of a substance that 1s present 1n the
first region 1s lower than a dielectric constant of the heat
radiation material,
the electronic component has a first circuit portion and a
second circuit portion;
the first circuit portion radiates a larger amount of noise
than an amount of noise radiated from the second
circuit portion, and 1s superposed on the non-contact
portion as seen 1n a direction that 1s perpendicular to the
mounting surface; and
a distance between the electronic component and the 1inner
surface of the housing in the direction that i1s perpen-
dicular to the mounting surface in the first region 1is
longer than a distance between the electronic compo-
nent and the inner surface of the housing 1n the direc-
tion which 1s perpendicular to the mounting surface 1n
the second region.

6. The vehicle control device according to claim 3,
wherein

the mner surface of the housing has a recessed portion

disposed 1 a portion facing the first region and
recessed 1n a direction away from the electronic com-
ponent.

7. The vehicle control device according to claim 5,
wherein the substance which 1s present 1n the first region 1s
air.

8. The vehicle control device according to claim 5,
wherein

the substance which 1s present in the first region 1s a heat

radiation material that 1s diflerent from the heat radia-
tion material and that has a dielectric constant that 1s
lower than that of the heat radiation material and a
thermal conductivity that 1s lower than that of the heat
radiation material.

9. The vehicle control device according to claim 5,
wherein

the electronic component has a first circuit portion dis-

posed so as to be partially or wholly superposed on the
first region and a second circuit portion disposed so as
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to be wholly superposed on the second region, as seen
in the direction which is perpendicular to the mounting
surtace.

18
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